ABSTRACT. The Harwell system for measuring milligram size samples using Brookhaven miniature gas counters is fully operative.
INTRODUCTION
This paper describes the development and first few months of operation of the Harwell small sample 14C measurement facility which uses Brookhaven miniature gas counters (Harbottle Sayre, and Stoenner, 1979) .
The collaboration with Brookhaven National Laboratory began in the initial testing of the and the design and planning of the proposed facility with counters multi-counter array were previously described y th its 1981; Otlet and Evans in y (Sayre et al, press ).
Up to that time, work had been confined to test, background and calibration samples with no actual samples.
COUNTER ASSEMBLY AND SHIELD
Six 5m 'micro-counters' and six 30m 'mini-counters' which filled to 4 atmospheres pressure of carbon dioxide, mean equivalent quantities of ca llmg and 66mg respectively, are employed. 566 General Aspects of 14C Technique Na I crystal (305mm x305mm)
5 ml counter (micro) 30m1 counter (mini) PM tubes (3 each end)
Fl G 1. NESTING OF COUNTERS IN GUARD COUNTER CAVITY
Showing a 'micro'-counter (5 ml) back to back with a 'mini'-counter (30m1) in one of the segmented compartments Figure 1 shows nesting of the full array of counters inside the guard counter, which is a large, 300mm diameter by 300mm long, NaI crystal with three photomultiplier tubes on opposite parallel faces (six in all), providing annular shielded volume for the counters ca 90mm internal diameter. The complete assembly, guard counter, and gas counters are further shielded within a large passive shielding castle. and providing stability throughout the counting times. The electronics hardware is made at Harwell using standard, commercially available components. The full system,including micro-processor and computer display, acts as 14 multi-channel analysers, each of 512 channels and split-store operational capability. Additional features of the Harwell circuitry enable 1) full spectrum display of both coincident (cosmic) and anticoincidence (sample and background) pulses, 2) pulse height analysis of events recorded simultaneously in any counter (without which it would be impossible to record the coincident spectra of every counter separately), 3) variable dead time (blanking time) following guard counter (veto) pulses.
The relatively high count-rate of the large NaI crystal detector and the excessively large amplitude range of pulses ca 1000:1 made this necessary. Figure 2 is a simplified schematic diagram of the electronics and data handling circuitry EHT for the 12 counters which are currently in operation is individually provided from a single unit (Le Croy 4032A) which uses plug-in EHT pods.
Positive high voltage is used, applied (after filtering) directly to the anodes, the signal being taken from the cathode terminations at ground level. This particular connection arrangement means that any spurious break down pulses in the EHT filter circuit have an opposite polarity to the genuine counter pulses and is more convenient from the point of view of the physical layout in the confined space of the counter box. Output froth the preamplifiers is passed to the amplification, pulse shaping, discrimination and peak stretching (sample and hold) circuits.
All are internally connected to a common logic board which includes the analogue to digital converter and logic circuitry which encodes all signals ready for acceptance and storage by the dedicated micro-processor (NASCOM The first is a simple, inexpensive extended memory (16K) microprocessor (NASCOM), the basic function of which is to accept pulses from the counters and to store them as histograms according to the encoded label. For each counter 256 locations are for multi-and veto-flagged events and 256 for non-flagged pulses.
The NASCOM is permanently connected to the counter electronics circuitry and buffers the system breakdowns or malfunction caused by other activities of the second, more sophisticated, general purpose micro-computer (RML 380Z).
This second computer, which includes full facilities for high resolution graphics provides display of the counter pulse-height spectra, analysis and long term (back-up) floppy disk storage. In these first few months of operation, display of spectra has been made frequently but the dumping to disk should only need to be carried out twice a week, each time resetting the NASCOM stores to zero. This procedure enables possible problems to be spotted rapidly enough and at no time is there any risk of losing a set of data which may have taken up to 7 days to collect. A photograph of the complete shield, electronics and data-handling set-up is given in plate 2.
INTERPRETATION OF SPECTRA
Figure 3 A-D shows a set of print-outs derived from displays of spectra obtained with the micro and mini-counters under different conditions. Each display is a composite of the coincident (cosmic) spectrum, above, with the anticoincident spectrum below.
Counts per channel are plotted against channel number which, in terms of energy, is linear up to channel 255. Counts below channel 10 are cut off by the preset discriminator contained in the pulse processing unit (see fig 2) . 
1981).
A resolution of the order of 25% should be obtained or repurification will be necessary.
The counter is then put into the shield and the position of its cosmic peak and its resolution determined. The occurrence of these peaks, shown in the upper half, coincident, spectra, in fig 3 at ca 9.5KeV and 13.6KeV for the micro-and mini-counters, respectively, are characteristic of gas counters generally (Wolfendale, 1963) .
They are produced from charged particles (moons) causing ionization during passage through the counter, the total energy deposited being a function of the product of the track length possible in the dimensions of the counter and of the gas density for the particular gas filling, thus it reflects the pulse produced by the passage of such a particle across the diameter of the counter and for larger counters filled to the same pressure, the equivalent energy it represents appears at higher levels.
The peak is used to provide a continuous monitor of the gas quality and electronics (EHT and gain) stability throughout the long counting periods.
This technique has been used for many years in our laboratory for 14C gas counting, having been developed from a similar procedure we used in 3H counting (Otlet, 1968) but has also been reported independently by Oona and Fan (1977) . No change in either its position or resolution is expected even after 70 days of counting.
Examination of the anticoincidence (sample) snectra also provides valuable confirmation of valid counting. Figure 3A and B shows good background and 14C (2 x modern) plus background spectra for both sizes of counter.
The difference between these good spectra and the others, which demonstrates problems, is clearly seen. So far, sporadic EHT breakdown has been the only problem which has had to be contended with and the ability to identify it and to cure it quickly on the occasions when it has arisen has been invaluable.
GAS PURIFICATION AND COUNTER FILLING
Sample preparation basically follows the well established procedures for gas counting with CO (Srdoc and Sliepcevic, 1963; Sayre et al, 1981) but using rigs suitably scaled down for the smaller size of samples being handled. Dry reagents are used throughout, the essential stages of the final purification being thermal cycling for 2 to 3 hours, first over copper at 700°C and afterwards over silver and platinum at the same temperature in the presence of a small quantity of added oxygen. The last step is the passage of the CO2 through activated charcoal at 0°C as Bruns (ms) followed by freezing and pumping.
The filling procedure is similar to that which Brookhaven uses (Harbottle, Sayre and Stoenner, 1979 (1979) conclusions that a substantial reduction in background, over and above conventional gas proportional guard systems, is obtained by its use.
